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BEGOLABIZATION  OF  THE  SINGDIAR  INTEGHAl  EQUATION  FOB  A WING  IN  AN 
UNSTEADY  SUBSONIC  GAS  FLOW 


Yu.  A.  Abramov 


This  study  attempts  to  regularize  the  singular  integral  equation 
for  a wing  in  an  unsteady  subsonic  plane-parallel  gas  flow  in 
acceleration  potential  space,  obtain  the  Fredboln  equation  for 
determining  the  distribution  function  * and  find  the  asymptotic 

scluticn. 


It  is  well-known  that  the  singular  integral  equation  for  the 
problem  of  the  oscillations  of  a profile  in  an  unsteady  subsonic  gas 
flow  can  be  obtained  for  acceleration  potential  space  in  the  form 
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vhere  the  kernel  depends  on  the  Mach  number  M and 

the  Strouhal  number  P,  while  function  F 0^)  is  determined  by  tht 
form  of  the  profile  oscillations.  Me  know  that  in  the  acceleration 
potential  space  kernel  form; 


Then,  using  expression  (2),  we  can  give  equation  (1)  the  form: 


Transferring  the  second  ten  on  the  left  side  of  equation  (3)  to  the 
right  side,  we  can  obtain 
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The  integral  of  the  differential  equation  which  relates  the 
acceleration  potential  S and  the  velocity  potential  f , which 
satisfy  the  condition  of  the  absence  of  pertur tat  ions  at  an  infinite 
distance  ahead  for  a coipressible  flow,  is  as  fellows  (5): 


Then  we  can  represent  the  right  side  of  equation  (4)  as  follows 


where 
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Thus*  ve  have  arrived  at  the  problem  of  solving  singular  integral 
equation  (4)  with  the  right  side  of  (6).  Equations  of  this  type  are 
solved  in  (2)  . 

Finding  the  solution  according  to  t2]*  can  write  the  genera 
expression  for  distribution  function  ■■ 
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Further,  by  eliminating  that  part  of  ahich  is  related  to 

distribution  function  r(V  , we  can  write  expression  (7)  in  the 
form  cf  the  Fredhola  integral  equation  for  deteraining 
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where  i-  Is  determined  fcy  formula  (7)  for  the  function  of  the  form 
of  the  profile  oscillations  and  kernel  I •’  is  the  following: 
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One  Of  the  main  advantages  of  equation  (8)  for  determining  the 
distribution  functioi^is  that  the  mero  approximation  for  solving 
equation  (0)  is  the  distribution  function  for  unsteady  flow, 

while  for  all  the  other  equations,  this  zero  approximation  serves  as 
the  distribution  function  ^ for  steady  flew. 


The  form  of  the  kernel  is  obtained  with 
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consideration  of  the  linearized  gas-dynamic  movement  equation  for  the 
acceleration  potential,  which  can  assume  the  following  well-known 
form: 


where 


0 > ^ 0 , 
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In  the  notations  we  ace  usinq*  we  have  the  flow  condition; 
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The  solution  to  equation  (9)  can  be  written  as 
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Then  the  kernel  of  equation  (1)  will  be  expressed  as 
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It  is  cAsy  to  show  that  the  kernel^ has  structure  (2)  and  that  kernel 
KJH,  }}  » vhich  corresponds  to  kernel  - f 
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ehereas  kernel  • R.  (K,  ^ is  obtained  in  the  fora; 
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Ihis  integral  and  the  expressions  for  the  kernel 
differ  when  y = 0 and  x = 0;  however,  it  can  be  replaced  by  an 
inte9ral  which  agrees  by  introducing  the  following  tela tionshi pj 
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then  the  kernel  -JC  , after  certain  transformation 

consideration  of  the  value  of  the  integral 
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is  written  as  follows; 
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We  will  consider  the  appcoxieate  solution  to  equation  (8;  for 
small  values  of  paraieter  **■  ( i / ^ At  small  values  of 

will  write  the  asyeptotic  expression  for 
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Then  kernel  assuses  the  fcrm 
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Substituting  (12)  in  (11)  and  nalcing  the  obvious  abbreviations,  we 
will  obtain  the  following  for  snail  values  of  paraseter  nt  of  kernel 


Thus,  equation  (8)  can  be  written  as  follows  for  snail  H: 
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Integrating  expression  (19)  from  - 1 to  *1»  '(e  can  imniediately  obtai 
the  formula  for  the  lift  of  an  oscillating  uing  in  a subsonic 
compressible  flow,  retaining  the  terms  uhose  order  of  magnitude  is 
not  higher  than  fr 


p.. 


where  At  H « 0,  we  will  obtain  the  well-known  result  [1, 

2]  for  an  incompressible  flow  from  formula  (15): 

r j '/Pk'  j 

i _ w 

The  comparison  of  the  well-known  numerical  results  with  those 
obtained  by  formula  (15)  indicates  good  agreement. 
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